Emphysematous cystitis is a severe urinary tract infection which threatens patients' life. Thus, it requires early diagnosis and computed tomography (CT) is the reference medical exam used to address it. However, ultrasound, which is a non-ionizing and very accessible technique, may also contribute to diagnosis. The aim of this study was to illustrate the contribution of ultrasound to the diagnosis of emphysematous cystitis. We report three cases of emphysematous cystitis diagnosed by ultrasound. In all the cases, ultrasound identified basic signs showing presence of gas, including a hyperechoic cystic parietal thickening, repeat echoes and dirty shadow cones of intraluminal focus. Diagnostic confirmation was made in two cases through X-ray and in one case by means of computed tomography. Through simple basic signs, ultrasound directs most usefully towards an emphysematous urinary tract infection. CT enables a more accurate diagnostic work-up of lesions and differential diagnosis with vesico-digestive fistula.
Introduction
Emphysematous cystitis is an acute urinary infection which threatens patients' life [1] . It is an infrequent infection characterized by gas presence in bladder lumen and/or wall. Most of times it is a urinary infection outcome attended with delay. Diabetes and urinary tract obstructions are risk factors [2] . The bacteria that are more commonly identified are Escherichia coli and Klebsiella pneumoniae. The clinical signs of emphysematous cystitis are variable; they range from uncomplicated pollakiuria to abdominal pain with hematuria; sometimes, disorders of consciousness may be indicative factors. The clinical signs suggesting emphysematous cystitis appear lately and are not specific enough [1] . Treatment is based on triple antibiotic therapy adapted to antimicrobial susceptibility testing associated with bladder drainage, and in diabetic patients to glycemic control. This disease severity is mainly associated with late diagnosis and treatment. Medical imaging contributes to early diagnosis by identifying air and specifying location on the urinary tract. Several imaging tools are used for their diagnosis and among them CT has emerged as a reference exam [3] - [5] . Nevertheless, due to the poor specificity of clinical signs, computed tomography is not always the first medical imaging exam used. Besides, this technique is not accessible enough in developing countries, including Benin. Ultrasound, a non-ionizing and more accessible technique, can significantly contribute to diagnosis [6] [7] . In the literature, it is not commonly used as a diagnostic tool [1] [8] . However, according to many authors, it would have sensitivity similar to the one of cystoscopy which is another tool for emphysematous cystitis diagnosis. The study of three cases of emphysematous cystitis enabled the authors to emphasize ultrasound contribution to the diagnosis of those horrific infections.
Observations

Observation 1
Mr. X, a 58-year-old man, had been admitted for vesico-prostatic ultrasound concerning a pollakiuria he was suffering from for about one week. The patient is suffering from type 2 diabetes diagnosed for about ten years and is put on synthetic oral diabetes drugs.
The clinical exam noted 38˚C hyperthermia and pain during hypogastrium palpation which produced tympanic resonance on percussion. The biological test detected a 2.5 g/dl hyperglycemia without glycosuria or acetonuria, a hyperleukocytosis of 10,000 mm 3 with 70% of polymorpho-nuclear leukocytes and C-reactive protein of 24 mg/dl. Kidney function test was normal.
Ultrasound identified the existence of a stage 2 muscle bladder and hypertrophy of prostate median lobe (Figure 1(a) and Figure 1(b) ). The examination of anterior bladder wall helped note an irregularity of the latter with suspicion of subserous extraparietal hyperechogenicity, thus suggesting diagnosis of emphysematous cystitis (Figure 1(c) ). In addition, a bilateral hydronephrosis with suspicion of left emphysematous pyelonephritis (Figure 1(d) ) was also identified. Computed tomography enabled to confirm the diagnosis of emphysematous cystitis complicated by a subserosal rupture associated with urethritis (Figure 1(e) ) and left emphysematous pyelitis (Figure 1(f) ). The outcome improved after bladder ultrasound and triple antibiotic therapy. Urine drainage by bladder catheterization was put in place. Triple antibiotic therapy and diabetes balance were applied through insulin therapy. Under this treatment, outcome is positive with gradual improvement of patient general condition characterized by a normal glycemia three (03) days later. An adenomectomy was performed 45 days later with uncomplicated surgical outcomes.
Observation 2
Mr. X, 69 years of age, hospitalized for urinary tract retention, is referred for performance of vesico-prostatic ultrasound. One month before, he benefitted from surgical pulpectomy for prostatic adenocarcinoma. Clinically, there were infectious syndrome, obnubilation and mere dimness, conjunctival icterus and tympanic bloated abdomen.
The biological tests confirmed the infectious injury by detecting a 25.1 G/L hyperleukocytosis with 85% of polymorphonuclear leukocytes and CRP estimated at 96 mg/ml. Moreover, transaminases (AST = 186.12 U/L; ALT = 127.28 U/L) increased. Hyperuricemia (2.89 g/L) and hypercreatininemia (51.6 mg/L) also disturbed kidney function. Glycemia was normal (1.04 g/L). Klebsiella pneumoniae had been isolated in urine.
Ultrasound (Figure 2 Once diagnosis of emphysematous cystitis complicated by acalculous cholecystitis was adopted, a triple antibiotic therapy adapted to antimicrobial susceptibility testing and hydro-electrolytic resuscitation was initiated. Bladder drainage with transurethral catheter was also set up. It was noted that patient outcome improved; It showed an hyperechoic area of the anterior bladder wall (vertical white arrows) as indicator of intraparietal air, reverberation echoes and dirty shadow cones associated with intravesical air (5-pointed star). Existence of a posterior parietal and bladder thickening with column, characterized by aerial hyperechogenicities which seem to be tightly held between the columns (horizontal white arrows) and causing shadow cones (arrowheads). There is a hypertrophic median lobe pushing into the posterior lower part of the bladder face located down the back of the ureteric fold (4-pointed star). Ultrasound image of the anterior bladder wall with a superficial probe (c); the hyperechoic aspect of the wall with reverberation echoes backwards is identified (5-pointed star). The wall is irregular and characterized by the presence of more superficial gaseous bubbles (arrows). Longitudinal ultrasound scans of left kidneys (d); there is a pyelocaliceal dilatation with presence of repeat echoes suggesting presence of gas (5-pointed Star). Axial tomographic scan of the bladder's iodinated contrast agent (e) which showed an irregular parietal bladder thickening with presence of intracystic (5-pointed Star) and intraparietal (black arrow) air. We note peripheral air bubble (hollow arrow) implying fluid accumulation in favor of subserosal bladder rupture (shaded arrow). Down the back of bladder, an air bubble is noted in the left ureter (white arrow). CT axial scanof the left kidney (f). Hydronephrosis and left pyelic air bubble (hollow arrow).
clinical signs were completely resolved within one week. As a result, patient was discharged. Bladder catheter was removed later.
Observation 3
It was a 63-year-old female patient referred for ultrasound exploration of urinary retention. She was suffering from type 2 diabetes and was put on synthetic oral diabetes drugs. Physical examination resulted in a slight and short 37.9˚C fever and a full bladder with tympanic resonance on percussion. The biological tests indicated that CRP rose to 36 mg/ml with 8000 GB/mm 3 of large amount of polymorphonuclear leukocytes (60%). The presence of hyperglycemia at 4.6 g/dl as well as of acetonuria and glycosuria was noted. Kidney function proved to be normal. Emphysematous cystitis was diagnosed during ultrasound (Figure 3(a) ). It had been confirmed during unprepared abdominal examination (Figure 3(b) ). Triple antibiotic therapy was performed during 10 days. Insulin therapy permitted to rebalance patient. Bladder drainage with urinary catheter was put in place. Outcome improved under this treatment with normalization of biological parameters and patient discharge after ten (10) days of hospitalization. 
Discussion
Emphysematous cystitis is a necrotizing urinary infection characterized by gas presence in the urinary tract. That air presence in the urinary tract had been described for the first time in 1671 in a male subject with pneumaturia. The first emphysematous infection of the bladder had been discovered by the end of the 1800s by Eisenlohr during an autopsy. Bailey named that disease "emphysematous cystitis" in 1961 [1] .
The carbon dioxide found in the bladder lumen and/or walls during emphysematous cystitis (EC) is the outcome of carbohydrates' bacterial fermentation; it is an indicator of anaerobic bacterial breathing. The bacteria incriminated are aerobic or anaerobic bacteria such as Escherichia coli, Klebsiella pneumoniae, Entero-bacteraerogenes and Proteus mirabilis [1] [3] [8] .
Most of times, as in our three cases, patients aged around sixty years suffered from those infections. The main risk factors are diabetes mellitus and obstructive uropathy identified in two of our patients [1] [2] [8] [9] .
The clinical symptoms of those infections are not specific enough and patients are often wrongly diagnosed for simple cystitis. Classic pneumaturia is found out in few cases [1] . The existence of obstruction on the lower tract may generate full bladder with tympanic resonance on percussion. This lack of specificity of clinical signs explains the importance of medical imaging in emphysematous cystitis diagnosis. Imaging will, through different techniques, visualize the air produced by that bacterial breathing. X-ray shows intraparietal air in the form of air content bordering on the bladder and outlining its shape. The intraparietal air is represented by a hypogastric hydro-aeric level. Its sensitivity depends on the amount of air. At most it is characterized by a gaseous distension of the bladder. Unprepared radiography (X-ray) has no more much importance since the introduction of computed tomography as reference exam for diagnosis and monitoring of emphysematous cystitis. It easily points out the presence of intracystic and intraparietal air. It is the most sensitive exam; moreover it has the advantage of helping eliminate vesico-vaginal fistula which is the main differential diagnosis of emphysematous cystitis [5] .
Unfortunately, this technique is not frequently used as a first-choice one in developing countries, including Benin where its availability is limited. Ultrasound is descrambling exam performed as a first-choice operation in the presence of poorly specific symptoms as in the case of emphysematous cystitis. In this series, it allowed emphysematous cystitis diagnosis in our three patients. The initial diagnosis made by ultrasound is not frequently described in the literature. According to Grupper, ultrasound scan would be a contributive factor in only 46% of the cases [8] . It is a useful technique although its sensitivity is worse than the one of reference technique i.e. CT. It may be an efficient diagnostic tool when CT is not available. A simple basic symptomatology but sometimes difficult to identify helps diagnose emphysematous cystitis. The presentation of ultrasound image is variable and depends on focus and amount of air. The small amount of intraluminal air results in hyperechogenicity with reverberation echoes bordering bladder wall. When it reaches a sufficient volume repeat echoes are noted down the back of anterior bladder wall; this corresponds to X-ray hydro-aeric level. As regards intraparietal air, it is characterized by hyperechoic thickening of the wall with dirty shadow cone. That impairment may be persistent, thus impeding visualization of retrovesical structures; this is one of ultrasound exam limits.
Bladder rupture is one of the dreaded complications as regards emphysematous cystitis [10] . The examination of anterior bladder wall with a linear array probe enables a better analysis of the latter. In this cohort, it helped note in the first patient an irregular aspect of the wall with presence of aeric hyperechogenicity characterized by extraparietal appearance. This gives rise to suspicion of subserous rupture confirmed by computed tomography.
Moreover, ultrasound scan helps explore the upper urinary tract in search of hydronephrosis. In some cases it helps detect subvesical obstruction.
Despite ultrasound importance in emphysematous cystitis diagnosis, computed tomography alone allows complete assessment of injuries. In this research work it enabled visualize in patient an emphysematous ureteritis and an emphysematous pyelitis suspected during ultrasound.
Conclusion
As an exploration tool, ultrasound is accessible. Therefore, it can help diagnose emphysematous cystitis especially when computed tomography is unavailable. However, computed tomography, required for complete assessment of injuries, remains the exam of reference.
